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Atmospheric Temperature PHOTOGRAPH 



and temporal data in a 3-dimensional format 
Magnetospheric Simulation that the investigator can manipulate. 







Foreword 



Besides the requirements in the space sciences, we have accepted the challenge for calibrated data sets created by the 
special long-term nature of the Mission to Planet Earth. This is an important and difficult mission, one that is critical to 
NASA’s future. 
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*FEDIX provides free access to its holdings. Follow the prompts to establish access to the system. To get to the GSFC material, at 
the first FEDIX menu, choose item (1) Comprehensive Agency Information. At the succeeding menus, choose item (3) NASA, item 
(5) Space Centers, then item (2) GSFC, respectively. The GSFC menu will present menu items that correspond to the major sections 
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techniques displays small-scale features much better than either technique would individually. 
( Image courtesy ofM. Kim, University of Texas.) 
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SOLAR PHYSICS DATA IN THE CRASH LANE: THE SOLAR DATA ^ 
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Key parameter data from instruments on the Geotail spacecraft showing the February 21, 1994, strong interplanetary 
shock that impacted the Earth, producing the kind of global changes to the geospace environment that ISTP was 
organized to explore . 
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Solar Wind Experiment ground-based data analysis The fundamental plasma measurements by SWE are 
system . velocity distr ibution functions , similar to the ISEE-1 

measurement shown here . Iso-contours of phase space 
density are shown as a function of electron velocity, 
parallel and perpendicular to the magnetic field. 



. This is where the “science” is done. boundary layer research and has been at GSFC since 1962. 





photograph 

DATA PROCESSING AND VISUALIZATION 


I 



An example of the type of data to be used for surveying the SWE data . Shown is a crossing of the Earth's bow shock 
(22:51 UT) from the solar wind into the magneto sheath. Prior to the shock crossing , electron heat flux from the Sun 
shows up as green in the color-coded pitch angle images near the angle 0 ° . The sporadic yellow spikes extending from 
approximately 135° to 180° are the electron foreshock, an upstream solar wind precursor of the bow shock. 
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programmer the ability to transfer CDF files to other assist the applications programmers in writing and 
environments from which the CDF Library runs and to debugging CDF-based applications, 
read the data without having to be concerned with data 

conversion, which, between disparate platforms, is per- The figure provides an illustration of a CDF Windowing 
formed internally by the CDF library with little impact Imaging Tool (CWIT) for IBM PCs. CWIT is a two- 
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Surface elevation of the Moon with respect to latitude and longitude (ranging from -180° to +180° longitude and -75' 
to + 75 °). Elevation ranges from 9 km below mean lunar radius (black) to 8 km above the mean lunar radius (white). 
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and Computer Science at the University of Maryland in 
Four animations of the Moon were made, each with the 7977. He has been at GSFC since 1963 , working in space- 

Moon rotating through 360° on its polar axis and employ- craft telemetry systems , optical computing , massively 

ing scale factors of 1, 5, 10, and 20, respectively. The parallel computers, image processing, and, currently, in 
Moon’s elevation variations show up most readily at scale computer graphics and scientific visualization . 
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A composite image, superimposing a user wearing a virtual environment helmet and cyberglove on top of the visual 
model of the temperature of the Earth's atmosphere being viewed by the user 
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band follows the plane of the Solar System. This is the A map of the sky at a wavelength of 100 pm. 
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WHAT DO HIGH-RESOLUTION X-RAY SPECTROSCOPY OBSERVATIONS 
TELL US ABOUT CONDITIONS IN PHOTOIONIZED 
ASTROPHYSICAL PLASMAS? 
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SPACE SCIENCES 
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Spectrum of the Seyfert 1 galaxy NGC 4151 as observed 
by the BBXRT experiment (crosses) fit to models of 
absorption by neutral ( solid curve , upper panel) and 
partially ionized gas ( solid curve , lower panel). 
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100 150 200 250 300 

time (min) 


The Gabor transform of HD 60435. Time increases from 0 to 334 minutes along the x~axis; the period ranges from 16.7 
to 5.5 minutes on the y-axis. Black corresponds to low power ( weak frequency) and red, to high power ( strong frequency). 
At early times, the 11.6-minute period is clearly dominant. There is an episode where the frequency abruptly rises 
sharply near 200 minutes. After this event, the 11.6-minute period is evident again, but with significantly less power 
than it had prior to the event. 



Sponsor: Office of Space Science 
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SIMULATION OF THE MAGNETOSPHERE WITH THE FIRST 
THREE DIMENSIONAL MAGNETOHYDRODYNAMIC CODE 
WITH ADAPTIVE MESH REFINEMENT 
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2D representation of the magnetosphere , calculated using AMR techniques . The magnetotail is evident 
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AOTF Camera schematic layout 
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Jupiter and Saturn as seen at SOR . GRS is Jupiter Great Red Spot . 
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H concentrations around Venus for the first 3 years of the Pioneer Venus mission beginning in December 1978, and 
ending with the final partial ionosphere coverage just prior to spacecraft atmospheric entry in October 1992 . 
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in the Laboratory for Atmospheres. He is particularly 
This is the most complete dataset of the local time experienced in the study of low energy plasma 

distribution of H about Venus that is now available. In populations about the planets. Dr. Grebowsky holds a BS 

addition to the characteristic H bulge in the midnight-dawn in Physics from Manhattan College and an MS and PhD 
sector attributed to the superrotation of the Venus upper in Physics from the Pennsylvania State University. 
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higher frequencies (i.e., very-low-frequency emissions) versify in 1992 . ffw research interests include the remote 
may heat the ionosphere, thereby making it more resis- sensing of atmospheric systems from space-based plat- 

tive. Any reduction in the conductivity as compared to its forms . 
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Shown in this figure are various windows and subwindows of the photochemical model ( code name GRIFFIN ). In this 
particular case , the user is inspecting the information in the model concerning the photolysis ofCH 4 by the solar UV. 
The user has opened windows; displaying the photolysis branches and quantum efficiencies , a graph of the methane 
absorption cross section y and the references that the information in the model is based upon. The wavelength for 
Lyman- a is highlighted since in the region methane absorbs 80 percent of the photons are at Lyman- a. 


I 


a 

§ 

CD 

O 

Ui 

CD 

P 

G 

t3 

V-t 

Vh 

CD 

+-» 

CD 

5 


13 2 "d 

"d £ o 

2 g p 
poo 
CD & g 

•S = S 

^ g 

£ S§ -e 
0,0-“ 

^ CO 

& I -§ 

+-» o o 
2 c5 a 
p <d * H 

5 d 

§ a g 
g | I 

a u 

CD co 

13 ^ a 

.5 &.S 

G 4-> 

J3 8 8 

H & 8 

111 
li'S ft (D 

6 £ U 

23 c o 

^ 2 o u 

■ g o S 

t3 S § 


jr.g 13 

s rs 

o ^ 

2 eg <3 

a.S 73 

G «+h <D 

d 5 ^ 

5 ^ & 

P O CD 

> ^ O 

5 « a 
z I 2 
* §>Ji 


CO ^ i 
§ &•§ 
:s 3 £ 

*d 00 £ 
G l-H T? 
o o ^ 
o p o 

13 .2 e 


Pd ° § 
P <D P 
,G O ^ 

CD O 
3 »o 

<D h (D 
jp O Ph 
> (D 
♦j G w 
a o -r 
<d o g 


P G CD 

CD ^ ST 
) pG G 

S ® 5, 

O 3 O 

G « G 
G > O 

O - a 

J-H Vi hD 

8 S . 

= ■§ gi 

£ §1 

H x> o 


00 +J O 
& G > 

%'i 2 

O g 

« « 5 

. 2 oo 
S ° S 

l§ 2 
.s-g « 

£ & *S 


. CD G 

s ^ a 


^ bfi G G 


1 1 I 

|*-8 
s c : 
"’.So 

§ 8 § 
I « £ 

£ .5 u 


| £ 

Q, P 

5o O g 
O 

p CD p 

5 feo o 

G ei O 


•pH <J> 

«D X H 
P2 *P w 
^ 8 « 


u 

(D 

a 

CD 

O 

W 

< 

o >? 

TD 

dS 

a 

u 

G 


X5 

CO 

G 

G 

G (D 

G 

u 

G 

Cl 

5 

C+H 

CD 

-4-» 

O 

'G 

O 

p 

ft "d 

oo c 

^3 ^ 


8 ^ o 

0 .fi'-fl ' 

7 

gag- 

O G oo 


c -S X § 

«> 2 a c2 
eg .y q3 « 
Si 

S & sJ tj , 

flj pH (U 


deleted, or a existing reaction rate changed via the GUI. 
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Image of the laser beam cross section at the output of the 
modulator illustrating the elongation of the beam caused 
by the optical waveguide in the modulator. 



Doppler tracking an astronomical source. The prototype has degrees in Electrical Engineering from MIT and 

infrared source is being developed for use with our laser University of California at Berkeley and has been at GSFC 

heterodyne receiver at the NASA IRTF telescope on for 20 years . 
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global basis later this decade when Goddard's Moderate Resolution Imaging 
Spectroradiometer ( MODIS ) is flown as part of Mission to Planet Earth and the 
Earth Observing System. 
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Interannual differences in surface skin temperature (K) and precipitation (mm/day) between each of the four seasons 
of 1988 and 1987. Red indicates increased temperature ( precipitation ) in 1988 compared to 1987 while blue indicates 
decreased values. The color scale is the same for both temperature and precipitation and is included in the figure. 
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The xz cross section of cloud profile at hours from 1 700 UTC to 2200 UTC. The color shading represents hydrometeor 
contents (g/kg), while the solid lines represent the contour of potential temperature (K). 
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r/z^ prefrontal environment The contour of the potential temperature is shown by shaded colors , in which the main body 
of the cold front is manifested by light and dark blue colors. 
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white lines connect locations experiencing high water at Surface height functions and stream functions were 
the time when the mean Moon passes the Greenwich computed on a 4 by 4 spherical coordinate grid. Maximum 

meridian. Altimetry data used in the solution is from the velocity locations are indicated by black arrows, 

first year of the TOPEX/Poseidon mission. Proudman 
functions were computed on a 2 by 2 spherical coordinate 
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Spectral distribution of the F-test periodicity in the 9-year time series of sea ice area and extent in ( a) the Arctic and (b) 
the Antarctic. The LOD spectrum is superimposed for comparison. In the Arctic, the QQ peak, at about 4.2 years, for 
the ice extent has a confidence level of 97 percent; those of the ice area and LOD, 94.5 percent. The strong QB peak in 
the LOD shows up in the sea ice area and extent with lower confidence levels, 60 percent or less. 
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beyond 5 years appears to be significant. 
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The link between El Nino SST anomalies , the strength of Results analogous to those in the second figure, but from 
equatorial tradewinds, and rainfall anomalies over the the model simulation . 
central Pacific. Positive wind anomalies indicate 
weakened trades. 
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The spatial variation of wind speed (U), SST and sea surface mss during north ( top panel ) and south ( bottom panel) 
passes over the same flight line at 156°W. 
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Estimated change in average national grain yield (wheat , rice , coarse grains, and protein feed) for the GISS, Geophysical 
Fluid Dynamics Laboratory (GFDL), and United Kingdom Meteorological Office (UKMO) climate change scenarios. 
The left-hand column shows the effect of the climate change scenarios on grain yields without enhanced CO r The right- 
hand column shows the effect of the climate change scenarios on grain yields with the direct effects of enriched atmospheric 
CO level (555 ppm) on crop growth and yield. Regional variations within countries are not reflected. 
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Dr. Martin Parry of University College London is a numerical simulation of the atmosphere and ocean , and 
coauthor of the integrated study of climate change impacts the use of global climate models for improved under- 

on world food supply described above. standing of past, present and future climates. 
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Normalized Cumulative Canopy Return Energy 


Enlarged Landsat TM image of an area of old- growth forest fragmented by clearcuts and plantations with location of 
laser altimeter profile ( upper panel), and transect of vegetation canopy structure and ground elevations derived from 
waveform data (lower panel). 
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SIR-C L-band radar image from April 12, 1994 of part of 
NASA/GSFC truck radar deployed at pasture field #62 in the test watershed showing pasture field #62. LHH channel 

the Little Washita River watershed. is ul rec {, LW in green, and LHV in blue. 



tion cover in the pasture was very low, on the order of 
125 g/m 2 . Results indicate that both the truck and Shuttle 
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automated trending tools under current development . 
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Exception handling and negotiation. 

A distributed autonomous mission scheduling architecture , 
Database management. with application functionality and data partitioned 

between workstations ( clients and servers ) connected to 
Command data generation and maintenance. local area networks . 







stations) were used to rapidly prototype the fundamental operations, prototyping and genetic programming . 
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Management System Operations Workstation 



An overview of spacecraft mission operations from a data/information management perspective. 
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Possible scenario of a DIM system. 
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cognition , and neuroscience, Mr. StoffeVs primary 
Completed the first task analysis. research interest is in the area of machine reasoning , 

functionally independent robotics , and human-computer 
Completed generation of a first OFM. integration as they apply to NASA. 
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user interface (display and user script language) and the 
Data/control flow between TASS and the control center. communications interface. The display system is based 
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coefficients in Equation (2). This has already been done 

for EUVE. These calibrations should allow for more stars Mr. Jon Landis has been with Computer Sciences Corpo- 
to be identified properly and, therefore, more accurate ration for 2.5 years. He earned a BS in Physics from Drexel 

attitude determination by the onboard processor. University. 
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identify normal and anomalous modes of operation from and an additional BS in Mathematics from the University 

historical information. This technique accommodates the of Idaho . He received an MS in Computer Science from 

peculiarities of individual battery signatures as well as Jhe J()hm Ho p kins University and has been at GSFC for 
subtle drifts in those signatures. 1f) 
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any type of textual information such as source code, header advanced technologies concerning artificial intelligence 

file, test plans, example programs, or help documenta- and software reuse. He has been at GSFC for 4 years and 

tion. When the developer has found suitable candidate currently works in the Automation Technology Section. 

assets, ReLI can deliver these assets to an electronic He holds a BS in Zoology as well as an MS in Computer 
mailing address or to a specified directory. Science from the University of Florida. 
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evaluation of business and engineering processes Mr. Kashporenko is a systems engineer at the NASA LSD 
themselves. and is responsible for business process redesign at the 

depot. He has specialized in introduction of modern 
Modern power-programming technology provides the software and logistics systems in both the public and 
rapid build-test-evaluate cycle necessary for migration private sectors. 
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spacecraft in the same manner as during instrument information. Common statistical functions are optionally 

development. No restrictions are placed on the IGSE hard- calculated for telemetry and are available for display and 
ware or functionality, allowing instrument teams to build analysis. 
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noncontacting bearings. A prototype cooler is now being Section. He is the Technical Officer on the GSFC 

fabricated that will incorporate noncontacting bearings contract with Ball for the development of flight coolers 

into both the compressor and the expander. and operates the GSFC cryogenic cooler test facility. 
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A NEW SOUNDING ROCKET PROGRAM VEHICLE 
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The output point C can be connected to an input link of BaSe-MOUnted ActUStOr 

another mechanism. For example, a simplified P4R 
mechanism can be used as a driver for a six-DOF parallel 

minimanipulator. Also, the simplified P4R mechanism can An open-loop two-DOF manipulator. 
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Magnetically suspended momentum wheel component layout . (Courtesy of SATCOM Technology. ) 
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as the system controller. Software routines have been de- 
veloped for scan control, signal acquisition, data archiving, 
and image generation. An ultrasonic pulser/receiver is used 
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HUBBLE SPACE TELESCOPE PARTICIPATES IN WORLDWIDE CAMPAIGN 
TO OBSERVE COMET SHOEMAKER-LEVY 9’S PLUNGE INTO JUPITER 
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HST image of the impact site of fragment “G” from comet S-L9 . The image has been processed to correct for the 
curvature of the disk of Jupiter, so that the spot appears as it would to an observer looking overhead. The dark 
crescent was produced by material thrown high into Jupiter's stratosphere by the G explosion. The inner ring is 
probably a sound wave expanding from the site of the explosion. The dark spot just outside of this ring is the 
impact site of (smaller) fragment “D. ” ( Credit: Hubble Space Telescope Comet Team and NASA.) 
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HST image of Jupiter showing eight impact sites. From left to right are the E/F complex ( barely visible on the edge 
of the planet), the star-shaped H site, the impact sites for tiny N, Ql, small Q2, and R, and on the far right limb the 
D/G complex. ( Credit: Hubble Space Telescope Comet Team and NASA.) 
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THE SERVICING AID TOOL: 

A HIGH PERFORMANCE TELEROBOTIC SYSTEM 
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During environmental testing of the EDM, some stiction 
and high torques at start-up were recorded at ambient 
The Polar laboratory. conditions and at -30°C in vacuum. After careful 
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THE FIRST FLIGHTS OF THE SMALL EXPENDABLE DEPLOYER SYSTEM: 

LONG TETHERS IN ORBIT 



oo 

C\J 

C\J 





229 


FLIGHT PROJECTS 
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system rules , and the operator's workstation , showing an output of scientific data. Single event upsets from protons 
which occurred in the RAM SSR of the Solar Magnetospheric Explorer (SAMPEX) mission as it orbited over the South 
Atlantic Anomaly. 






events, operators can be prepared to protect tl^e four causes: bulk charging, surface charging, single-event 

spacecraft. NOAA’s Space Environmental Labora- upsets, and total radiation dose. The inference engine is 

tory Data Acquisition and Display System constructed in a manner that other causes could be diag- 

(SELDADS) can communicate alerts and forecasts, nosed with the addition of new rules, 
and can drive the real-time databases of the SEAES. 
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is provided with the characteristics of known targets, Moon Bay area of the San Francisco peninsula. Various 

MLANS is being “trained” to recognize target pixels in known targets were placed at the Half Moon Bay airport, 

images of unknown scenes. During 1994 research, a including whole aircraft, aircraft parts, a calibration tar- 

subset of the ISAR scale model data was used in the get, and a radar reflector located on a raft floating off- 

MLANS supervised learning process. shore. These flights accumulated image data at the same 
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